Résumé. 2014 Nous avons modélisé la variation de l'efficacité de collecte du courant induit (EBIC), CC, avec 
Microscale characterisation of epitaxial semiconducting homolayers.
II. Electron beam induced current
François Cleton(1), Brigitte Sieber (1) and Jean Luc Loffiaux (2) (1) Laboratoire [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] , and a local determination of the doping level is possible by EBIC [8] [9] [10] . In the case of multilayer structures, interface recombination velocities can also be determined [1, 11] . Nevertheless, for this kind of characterisation at a local scale, which rely on either luminescence intensity or EBIC collection efficiency curves, a model has to be established in order to fit the experimental curves.
In the first part of this paper [12] , a model has been developed for homostructures which resemble field effect transistors. This model has been applied to the CL charàcterisation of silicon doped GaAs We will recall the model previously developed for the specimen geometry investigated in this work (Fig. 1). 2.1 GENERAL. -The electron beam is perpendicular to the specimen surface and interfaces and parallel to the z axis; the origin is at the bottom of the space-charge-region (SCR) of width z.
The EBIC current collected by the diode is the sum of two currents: ISCR generated in the SCR and Ibulk generated in the bulk region of the uppermost layer. Due to the cylindrical symmetry of the geometry, the EBIC currents in homogeneous regions are given by relations (1) and (2): ISCR is easy to calculate when the one-dimensional generation function of electron-hole pairs g (z + zs) is known (zs = W + zm) . We used the Gaussian analytical expression derived by Akamatsu et al. [13] for GaAs. The term EC in (1) is the collection efficiency in the SCR which can account for recombination in the SCR [10] .
The calculation of the bulk EBIC current given by (2) requires the knowledge of the excess minority carrier density Api (z) in the uppermost layer. OPl(z) obeys the one-dimensional steadystate diffusion equation which, under low injection conditions, in absence of electric field is: ri and Dl are the minority carrier lifetime and diffusion coefficient respectively. It was previously established that Ap, (z) has the following form [12] :
At the bottom of the SCR (z = 0), the relation expresses the collection of the minority carriers Api(z) by the electrical field of the SCR. The minority carriers, of density Api(z), which reach, by diffusion, the first interface can be drifted by the electric field of the second layer where it is assumed that neither diffusion nor recombination occur [12] .
The density 0394p2(z) of minority carriers in the second layer is such that: at the first interface (z = zl = el -W) :
jl and j2 being the minority carrier current densities in layers 1 and 2 respectively; we have made in [12] the assumption that the recombination velocity of interface 1 is such that V21 = V12. at the second interface (z = Z2 = el + e2 -W) :
j2 and j3 are the minority carrier current densities in layers 2 and 3 respectively; j3 is a diffusive current, and the density Op3(z) has the same mathematical form as that of Api (z) [12] . The recombination velocity of interface 2 is such that V23 = V32 = V2. j2(z) and j3(z) are related by [12] :
GE being the contribution of minority carriers created by the electron beam in the second layer:
Equation (7) can therefore be written as [12] :
where 03BC is the minority carrier mobility and E the electric field in the second layer. Equation (25) previously established in [12] for the cathodoluminescence intensity is still valid:
The last relation needed to determine the values of the coefficients A1, B1, A3 and B3 is: z in fin ite :
The boundary conditions (5) , (10), (11) and (12) (Fig. 2) , the collection efficiency EC in the SCR (Fig. 3) and the minority carrier diffusion length (Fig. 4) (Fig. 4) : it is higher when Vi and V2 are smaller. As in the CL investigation [12] , the interfaces recombination velocities have identical influence on the EBIC curves, and none of them cannot be really determined separately. ii) the thicknesses of the uppermost and second layers (Figs. 7 and 8) iii) the value of the diffusion length L3; this requires of course that the penetration depth of incident electrons is larger that el + e2 + L3. In any case it will influence the curve at high beam voltages (Fig. 9) .
From table 1 which shows the influence of ail the parameters on the EBIC curves, we can see that the slope of the curve before the maximum is mainly dependent on Li (Fig. 4) , Nd1 (Fig. 2) , EC (Fig. 3) and el (Fig. 7) .
The slope of the curve after the maximum is mainly controlled by Li (Fig. 4) and, when Li is such that the ratio el /L 1 is smaller that 2, also by Vi (Fig. 5a) and V2 (Fig. 6a) . In some cases, the thicknesses of the uppermost and buffer layer can also change drastically the slope of the curve (Figs. 7a, 8a) . (Fig. 5a, 5b ). Vl has no influence on the curves as soon as V2 is as large as 106 cm/s, whatever is the diffusion length (Fig. 5c) .5 03BCm; in that case only, the EBIC collection efficiency at high beam voltages is higher than for thicker uppermost layers (Fig. 7a). 3.2.1 Wacker SI substrate -At low accelerating voltage, for instance 7 kV in figure 10 for ri = 0.2 pm, the information displayed on the EBIC image of a specimen grown on the Wacker substrate exhibits fine inhomogeneities ("orange peel"). Although the electron beam reaches the diffusive region and that the majority of the electron-hole pairs are created within the SCR (ND1 = 4. 1017 cm-3 : W = 0.05 03BCm; ND, = 2 x 1017 cm-3 : W = 0.07 03BCm), the inhomogeneities were more probably related to technological problems, for instance a shrinkage of the metal during diode annealing. This could be the consequence of a bad state of the free surface prior to metal deposition. The dark spots visible in figure 10 , whose size increases with Eo, have not been identified yet. At Eo values higher than 12 kV, larger inhomogeneities are detected instead of the "orange peel" (Fig. lOb) . They can be classified in dark and bright areas which correspond respectively to smaller and higher EBIC currents. Since the penetration depth of a 12 kV electron beam is 0.67 03BCm, it can be stated with confidence that the observed modulations are representative of the structure (uppermost layer + interfaces) and not related to technological problems. (Fig. 8a) . When one of the interface recombination rates is equal to 106 cm/s, e2 has no influence on the EBIC curve (Fig. 8b) . (Fig. 10) . The results of the fits (Fig. 11) (Fig. 12 ) appeared much more homogeneous than that grown on the Wacker substrate. Figure 13 shows the EBIC efficiency curves for the Sumitomo sample. The diffusion length is about 50% larger than in the Wacker sample, and the SCR collection efficiency is the double. Furthermore, the estimation of the doping level is closer to that expected from the growth conditions than that found in the Wacker sample (Thb. II). These three results are consistent, since the diffusion length is controlled by deeps levels at room temperature [10] . They indicate a higher quality of the uppermost GaAs layer of the Sumitomo homostructure, compared with that of the wacker substrate. It probably results from a smaller density of deep levels, or from their absence. More experiments, such as DLTS for instance, would provide an identification of these levels. Nevertheless, from our EBIC results, it can be ascertained that they arose from the substrate. 
